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(54) Gasification quench chamber and scrubber assembly

(57) A gasification quench chamber (310) is dis-
closed. The gasification quench chamber (310) includes
a reservoir that contains liquid coolant (502) in its lower
portion (340) and an exit (370) for the cooled syngas
(506, 508) in its upper portion (350); a dip tube (320) that
is configured to introduce a syngas mixture (500) to con-
tact the liquid coolant (502) which produces the cooled

syngas (506); a cooling device (360) configured to further
cool the cooled syngas (506) in its upper portion (350);
and a stability device (330) in the lower portion (340) that
is configured to mitigate coolant level fluctuation and
sloshing. In an embodiment of the quench chamber
(310), the cooling device (360) includes a heat exchanger
pipe. A quench chamber and scrubber assembly (300)
is also disclosed.
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Description

BACKGROUND

[0001] The invention relates generally to gasifiers, and
more particularly to a gasification quench chamber and
scrubber assembly.
[0002] In a normal coal gasification process, wherein
a particulated carbonaceous fuel such as coal or coke or
a carbonaceous gas is burned, the process is carried out
at relatively hot temperatures and high pressures in a
combustion chamber. When injected fuel is burned or
partially burned in the combustion chamber, an effluent
is discharged through a port at a lower end of the com-
bustion chamber to a gasification quench chamber, or
quench chamber, disposed downstream of the combus-
tion chamber. In other embodiments, there may be a ra-
diant syngas cooler located between the combustion
chamber and the quench unit. The quench chamber con-
tains a liquid coolant such as water. The effluent from
the combustion chamber is contacted with the liquid cool-
ant in the quench chamber; so as to reduce the temper-
ature of the effluent.
[0003] When the fuel is a solid such as coal or coke,
the gasifier arrangement permits a solid portion of the
effluent, in the form of slag, to be retained in the liquid
pool of the quench chamber, and subsequently to be dis-
charged as slag slurry. A gaseous component of the ef-
fluent is discharged from the quench chamber for further
processing. The gaseous component, however, in pass-
ing through the quench chamber, will carry with it a sub-
stantial amount of the liquid coolant. A minimal amount
of liquid entrained in the exiting gas is not considered
objectionable to the overall process. However, excessive
liquid carried from the quench chamber and into down-
stream equipment, is found to pose operational prob-
lems. The downstream equipment includes, for example,
a scrubber assembly.
[0004] In conventional systems, a baffle is placed in
the gas exiting path in the quench chamber. Consequent-
ly, as liquid-carrying gas contacts the baffle surfaces, a
certain amount of the liquid will coalesce on the baffle
surfaces. However, the rapidly flowing gas will re-entrain
liquid droplets by sweeping droplets from the baffle’s low-
er edge.
[0005] There is a need for an improved quench cham-
ber assembly configured to cool an effluent gas from a
combustion chamber and also remove entrained liquid
content substantially from the effluent gas in a gasifier.

BRIEF DESCRIPTION

[0006] In accordance with one exemplary embodiment
of the present invention, a gasification quench chamber
comprises a reservoir having a liquid coolant disposed
in a lower portion therein and an upper portion comprising
an exit for exiting a cooled syngas therefrom; a dip tube
configured to introduce a syngas mixture to contact the

liquid coolant thereby producing the cooled syngas; a
cooling device configured to further cool the cooled syn-
gas in the upper portion; and a stability device in the lower
portion, configured to mitigate coolant level fluctuation
and sloshing.
[0007] In accordance with another exemplary embod-
iment of the present invention, a gasification assembly
comprises a quench chamber comprising: a reservoir
having a liquid coolant disposed in a lower portion therein
and an upper portion comprising an exit for exiting a
cooled syngas therefrom; a dip tube configured to intro-
duce a syngas mixture to contact the liquid coolant there-
by producing the cooled syngas; and a cooling device
configured to further cool the cooled syngas in the upper
portion; and a venturi scrubber, configured in down-
stream fluid communication of the quench chamber.
[0008] In accordance with another exemplary embod-
iment of the present invention, a gasification assembly
comprises gasification quench chamber comprising: a
reservoir comprising: a lower portion configured to con-
tain a liquid coolant therein; and an upper portion config-
ured to provide an exit to a cooled syngas; a dip tube
configured to introduce a syngas mixture to contact the
liquid coolant thereby producing the cooled syngas; and
a heat exchange pipe in thermal communication with the
cooled syngas in the upper portion, configured to produce
at least one of steam or hot water therein by an interaction
of the cooled syngas flowing over the heat exchange
pipe.

DRAWINGS

[0009] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a block diagram of an integrated gasification
combined cycle power generation system that may
employ a gasification quench chamber and scrubber
assembly, in accordance with an embodiment of the
present invention;

FIG. 2 is a front cross-sectional view of an embodi-
ment of a gasification system component of FIG. 1
employing a damping plate;

FIG. 3 is a top view of the damping plate of FIG. 2;

FIG. 4 is a front cross-sectional view of an embodi-
ment of a gasification system component of FIG. 1
without a draft tube and employing a damping plate;

FIG. 5 is a top view of the damping plate of FIG. 4;

FIG. 6 is front cross-sectional view of a gasification
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quench chamber with only a dip tube in accordance
with an embodiment of the present invention;

FIG. 7 is a schematic view of a gasification quench
chamber and scrubber assembly, in accordance with
an embodiment of the present invention;

FIGS. 8A and 8B are close-up sectional views of an
upper portion of a quench chamber in accordance
with various embodiments of the present invention;
and

FIG. 9 is a sectional plan view of the upper portion
of the quench chamber depicted in FIG. 8B.

DETAILED DESCRIPTION

[0010] One or more specific embodiments of the
present invention will be described below. In an effort to
provide a concise description of these embodiments, all
features of an actual implementation may not be de-
scribed in the specification. It should be appreciated that
in the development of any such actual implementation,
as in any engineering or design project, numerous im-
plementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which may vary from one implementation to an-
other. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure.
[0011] When introducing elements of various embod-
iments of the present invention, the articles "a," "an,"
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising," "includ-
ing," and "having" are intended to be inclusive and mean
that there may be additional elements other than the list-
ed elements.
[0012] The present disclosure is directed to techniques
for controlling flow dynamics within gasification system
components, such as quench units and/or scrubbers. In
general, quench units may receive hot effluent, such as
syngas, from a gasification chamber. The hot effluent
may be directed through a pool of cooling fluid within the
quench unit to produce cooler, saturated (or partially sat-
urated) syngas. Upon cooling, components, such as ash,
may solidify within the pool of liquid for subsequent re-
moval from the quench unit. From the quench unit, the
cooler syngas may be directed to a scrubber. In generally,
the syngas may flow through a pool of cooling fluid within
the scrubber to remove any remaining particulates and/or
entrained water from the syngas. During operation, the
quench unit and/or the scrubber may experience flow
fluctuations, such as fluctuations in cooling pool levels,
gas flow rates, and/or pressure levels, which, in turn, may
cause inefficient cooling or entrainment of cooling fluid

within the syngas exiting the quench unit and/or the
scrubber.
[0013] Accordingly, the present disclosure describes
gasification system components, such as quench units
and/or scrubbers, that include flow damping mechanisms
designed to minimize flow fluctuations within the gasifi-
cation system component. As used herein, the term
"damping" may generally refer to reducing fluctuations
or oscillations in flow and/or to reducing the intensity of
flow oscillations. For example, the flow damping mech-
anisms may be designed to dissipate energy from flow
fluctuations and/or to redirect uneven flow within the
quench unit. In certain embodiments, the flow damping
mechanisms may be disposed within the pool of liquid
coolant to dampen fluctuations in the level of the pool,
which in turn may reduce fluctuations in pressure and/or
fluctuations in gas flow rate. For example, damping baf-
fles may be disposed within the pool of liquid to restrict
the flow area through the pool. In certain embodiments,
the damping baffles may be designed to reduce the flow
path area for the liquid by at least approximately fifty per-
cent. The flow damping mechanisms also may be dis-
posed within the gas flow path to control the pressure
drop, which in turn may reduce fluctuations in the liquid
pool levels and/or the gas flow rate.
[0014] FIG. 1 illustrates an embodiment of an integrat-
ed gasification combined cycle (IGCC) power generation
system 8. Within the power generation system, gas, such
as syngas, may be combusted to generate power within
a "topping," or Brayton, cycle. Exhaust gas from the "top-
ping" cycle may then be used to generate steam within
a "bottoming," or Rankine, cycle.
[0015] To produce syngas, carbonaceous fuel, such
as coke and lignite, may be introduced to the system 8
via a feedstock preparation and transportation system 9.
The feed system 9 provides fuel slurry 10 to a gasifier
11, where the fuel is mixed with oxygen (02) and steam
(H2O). The oxygen may be provided from an air sepa-
rator 12. The gasifier 11 heats the reactants to over ap-
proximately 700 °C in order to combust the volatile com-
ponents in the fuel slurry to produce hot effluent, such
as syngas 13. Due to chemical reactions between the
oxygen, steam, and carbon (C), the syngas 13 may in-
clude hydrogen (H2), carbon monoxide (CO), and carbon
dioxide (CO2) as well as other less desirable compo-
nents, such as ash, sulfur, nitrogen, and chloride, present
in the carbonaceous fuel.
[0016] From the gasifier 11, the syngas 13 may enter
a quench unit 14. In certain embodiments, the quench
unit 14 may be integral with the gasifier 11. However, in
other embodiments, the quench unit 14 may be a sepa-
rate unit. The quench unit 14 may cool the syngas 13 to
at or near a saturation temperature through evaporation
of a cooling fluid, such as water. During the cooling proc-
ess, less desirable components, such as ash, may so-
lidify and be removed from the quench unit 14 as slag
16. As the syngas 13 flows through the quench unit 14,
the syngas 13 may be cooled to produce cooled syngas
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17 that may exit the quench unit 14 and enter a gas cool-
ing and treating system 18.
[0017] The gas cooling and treatment system 18 may
include a scrubber 19 and an acid gas removal system
20, as well as other components. Within the gas cooling
and treatment system 18, the syngas 17 from the quench
unit 14 may enter the scrubber 19 where the syngas 17
may be further cooled to remove entrained water and/or
remaining particulates. The scrubbed syngas 21 may exit
the scrubber 19 and enter an acid gas removal system
20 where acid gases, such as carbon dioxide and hydro-
gen sulfide. Within the gas cooling and treatment system
18, sulfur components 22 may be removed and sent to
a sulfur production system 23 for purification. Water also
may be removed as a steam 24 and a liquid 25. The
steam 24 may be recycled to the gasifier 11 and/or sent
to a heat recovery steam generator (HRSG) system 26.
The liquid water 25 may be sent to a water treatment
system 27.
[0018] The gas cooling and treatment system 18 may
produce sweetened syngas 28, which may be directed
to a combustor 29 where the syngas 28 is combusted to
generate power within the "topping" cycle. Air 30 may be
provided to the combustor 29 from a compressor 31 to
mix with the syngas 28 in a fuel-air ratio for combustion.
Further, the combustor 29 may receive nitrogen 32 from
the air separator 12 via a diluent nitrogen compressor 33
to cool the combustion reaction.
[0019] Exhaust 34 from the combustor 29 may flow
through a turbine 35, which may drive the compressor
31 and/or an electrical generator 36 and produce exhaust
37. The exhaust 37 may then be directed to the HRSG
system 26, which may recover heat from the exhaust 37
and from the steam 24 fed from the gas cooling and treat-
ing system 18. The recovered heat may be used to drive
a steam turbine 38 to generate power within the "bottom-
ing" cycle. For example, the steam turbine 38 may drive
a generator 39 to generate electricity. Steam 40 from the
steam turbine 38 may then be directed to a condenser
41, where the steam may be cooled by cooling fluid 42
from a cooling tower 43. The condensed steam 44 from
the condenser 41 may then be recycled to the HRSG
system 26.
[0020] As may be appreciated, the power generation
system 8 is provided by way of example only and is not
intended to be limiting. The flow damping mechanisms
described herein may be employed within the quench
unit 14 and/or the scrubber 19 to dampen flow fluctua-
tions. However, in other embodiments, the flow damping
mechanisms may be employed within any type of gasi-
fication quench unit and/or scrubber. For example, the
flow damping mechanisms may be employed within a
quench unit or scrubber designed to provide syngas to
a gas turbine without an HRSG system. In another ex-
ample, the flow damping mechanisms may be employed
within a quench unit or scrubber that is part of a separate
gasification system.
[0021] FIGS. 2-5 depict embodiments of a gasification

system component 46. The gasification system compo-
nent 46 may represent the quench unit 14 or the scrubber
19 shown in FIG. 1, as well as other types of gasification
quench units and/or scrubbers. Moreover, although
FIGS. 2-5 are generally described in the context of a
quench unit, the flow damping mechanisms shown in
these figures may be applied in a similar manner within
a gasification scrubber.
[0022] FIG. 2 is a cross-sectional view of one embod-
iment of a gasification system component 46. As noted
above, the gasification system component 46 may be a
quench unit or a scrubber, such as the quench unit 14 or
the scrubber 19. The gasification system component 46
includes a vessel 50 that retains a pool of cooling fluid
52, such as water. The gasification system component
46 may receive syngas 47 from an upstream component
within the gasification system 8 (FIG. 1) through an open-
ing 53. For example, if the gasification system component
46 represents the quench unit 14 (FIG. 1), the syngas
47, may represent the syngas 13 (FIG. 1) received from
the gasifier 11 (FIG. 1). In another example, if the gasi-
fication system component 46 represents the scrubber
19 (FIG. 1), the syngas 47 may represent the syngas 17
(FIG. 1) exiting the quench unit 14 (FIG. 1). The syngas
47 may flow into the opening 53 within the gasification
system component 46 through and inlet (not shown) with-
in the top and/or sides of the vessel 50.
[0023] The cooling fluid 52 may be supplied to the ves-
sel 50 from a water source (not shown) and replenished
as needed to maintain a sufficient level for cooling within
the vessel 50. As shown, the vessel 50 also includes two
annular tubes 54 and 56. In certain embodiments, the
tube 56 may be disposed concentrically around the tube
54. The dip tube 54 is disposed within the center of the
vessel 50 to guide syngas 47 through the gasification
system component 46. The draft tube 56 encircles the
dip tube 54 to create an inner chamber 58. As shown
generally by the arrows, the syngas 47 may flow through
the dip tube 54 towards the pool of cooling fluid 52 con-
tained within a lower and/or conical section 59 of the ves-
sel 50. The syngas 47 may contact the cooling fluid 52,
causing some of the cooling fluid to evaporate, thereby
cooling the syngas 47.
[0024] From the dip tube 54, the syngas may flow up
through the inner chamber 58 to an outer chamber 60.
The outer chamber 60 may be generally formed in the
annular space between the draft tube 56 and the walls
of the vessel 50. However, in other embodiments, the
draft tube 56 may be omitted. In these embodiments, the
syngas may flow up through the outer chamber 60, which
in these embodiments may extend in the annular space
between the dip tube 54 and the walls of the vessel 50.
In other words, in these embodiments, the inner chamber
58 and the outer chamber 60 may be combined into one
continuous outer chamber 60 extending from the dip tube
54 to the walls of the vessel 50.
[0025] As the syngas 47 flows thorough the dip tube
54, the inner chamber 58, and the outer chamber 60, the
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syngas may be cooled by the cooling fluid 52 to reduce
the temperature and pressure of the syngas. As the syn-
gas is cooled, particulates 61, such as the slag 16, may
collect within the bottom portion of the vessel 50 and may
be discharged through a discharge port 62, which in cer-
tain embodiments, may lead to a lock hopper. Moreover,
entrained liquid may be removed from the syngas 47 and
may collect within the pool of the cooling fluid 52.
[0026] The upper portion of the chamber 60 may in-
clude an optional annular baffle 64 disposed around the
draft tube 56. According to certain embodiments, the baf-
fle 64 may be designed to direct the flow of syngas
through the chamber 60, which in certain embodiments,
may increase the flow path of the syngas, thereby facil-
itating cooling of the syngas. The baffle 64 also may pro-
vide a surface for coalescing liquid entrained in the syn-
gas, thereby reducing entrainment of cooling liquid in the
syngas exiting the chamber 60 through an outlet 66. An
optional quench ring 68 may be disposed annularly about
the dip tube 54 and may direct cooling fluid towards the
inner surface of the dip tube 54 to protect the dip tube
inner surface from the hot syngas 47. The quench ring
68 also may direct cooling fluid towards the baffle 64
and/or towards the pool of cooling fluid 52. However, in
certain embodiments, for example, where the gasifica-
tion system component 46 represents the scrubber 19,
the baffle 64 and the quench ring 68 may be omitted.
[0027] To reduce flow fluctuations within the gasifica-
tion system component 46, an annular damping plate 70
extends within the outer chamber 60 between the walls
of the vessel 50 and the draft tube 56. As the syngas
flows within the gasification system component 46, water
from the quench ring 68 may flow through the gasification
system component 46 and collect in the liquid pool 52.
The damping plate 70 may be designed to dissipate en-
ergy from flow fluctuations within the pool of cooling liquid
52. The damping plate 70 may have an inner diameter
72 that generally corresponds to the outer diameter of
the draft tube 56. The damping plate 70 may have an
outer diameter 74 that generally corresponds to the inner
diameter of the vessel 50. Accordingly, the damping plate
70 may be contiguously disposed with the walls of the
vessel 50 and the draft tube 56 to restrict the flow of
cooling liquid 52 through the outer chamber 60. The
damping plate 70 may be affixed to the walls of the vessel
50 and/or the draft tube 56 by welding, bolting, or other
suitable means.
[0028] Holes 75 within the damping plate 70 may allow
the cooling fluid 52 to flow through the damping plate 70.
However, the flow area provided by the holes 75 through
the chamber 60 may be significantly less than the flow
area within sections of the chamber 60 unrestricted by
the damping plate 70. According to certain embodiments,
the damping plate 70 may act as a flow restriction mech-
anism that reduces the flow area through the damping
plate portion of the outer chamber 60 by at least approx-
imately 50-100 percent, and all subranges therebetween.
More specifically, the damping plate 70 may act as a flow

restriction mechanism that reducing the flow area
through the damping plate portion of the outer chamber
by at least approximately 80-100 percent, and all sub-
ranges therebetween.
[0029] The damping plate 70 may generally be dis-
posed within the outer chamber 60 such that the damping
plate 70 is submerged within the pool of cooling fluid 52.
For example, the damping plate 70 may be disposed be-
low a level 76 of the cooling fluid pool 52 within the outer
chamber 60. In certain embodiments, the damping plate
70 may be disposed above a level 78 of the cooling fluid
pool 52 within the draft tube 56. However, in other em-
bodiments, the damping plate 70 may be disposed below
the level 78 of the cooling fluid pool 52 within the draft
tube 56. Moreover, the damping plate 70 may generally
be disposed at a sufficient height above the conical sec-
tion 59 of the vessel 50 to impede accumulation of slag
within the holes of the damping plate.
[0030] The levels 76 and 78 of the cooling fluid within
the pool 52 may vary during operation of the gasification
system component 46. In certain embodiments, the flow
rate of the syngas 47 through the gasification system
component 46 may vary, causing fluctuations in the lev-
els 76 and 78. Moreover, in certain embodiments, the
syngas 47 may flow into the pool 52, agitating the cooling
fluid, thereby causing fluctuations in the levels 76 and
78. Further, the flow rate of the cooling fluid exiting the
quench ring 68 may vary. The damping plate 70 may be
designed to reduce fluctuations in the level 76 and/or in
the level 78. Specifically, the damping plate 70 may pro-
vide a flow restriction that serves to dissipate energy from
flow dynamics within the cooling fluid pool 52.
[0031] FIG. 3 is a top view of the damping plate 70.
The damping plate includes a surface area 80 generally
defined by the difference between the outer diameter 74
and the inner diameter 72. The holes 75 may be spaced
circumferentially around the surface area 80. As noted
above, the surface area 80 and the area of the holes 75
may generally correspond to the total annular flow area
available for water to pass through the outer chamber 60
vertically within the vessel 50. As described above with
respect to FIG. 2, the damping plate 70 may be designed
to restrict the flow area to the area provided by the holes
75 that are disposed within the surface area 80. Accord-
ing to certain embodiments, the area of the holes 75 may
represent approximately 1-50 % of the total annular flow
area available, as defined by the surface area 80 and the
holes 75. Within the damping plate 70, the number, spac-
ing, sizes, and shapes of the holes 75 may vary. For
example, the holes 75 may have a circular, oblong, el-
liptical, rectangular, square, or hexagonal cross-section,
among others. Further, any number of holes of various
shapes and sizes may be included within the damping
plate. For example, the size and number of the holes 75
may be adjusted to provide a desired reduction in flow
area while providing holes large enough to resist plug-
ging.
[0032] FIGS. 4-5 depict embodiments of the gasifica-

7 8 



EP 2 465 914 A2

6

5

10

15

20

25

30

35

40

45

50

55

tion system component 46 with the draft tube 56 omitted.
In these embodiments, the baffle 64 and the quench ring
68 have also been omitted to generally depict a scrubber,
such as the scrubber 19 shown in FIG. 1. However, in
other embodiments, the flow damping mechanisms de-
picted in FIGS. 4-5 also may be employed within a
quench unit, such as the quench unit 14 shown in FIG. 1.
[0033] As shown in FIG. 4, the syngas 47 may flow
through the dip tube 54 within the vessel 50 as shown
generally by the arrows. The syngas 47 may then exit
the dip tube 54 and flow through the pool of cooling fluid
52 contained within a conical section 59 of the vessel 50.
The syngas 47 may contact the cooling fluid 52, causing
some of the cooling fluid to evaporate, thereby cooling
the syngas 47 and removing entrained particulates
and/or water from the syngas 47.
[0034] From the dip tube 54, the syngas may flow up
through the outer chamber 60. The outer chamber 60
may be generally formed in the annular space between
the dip tube 54 and the walls of the vessel 50. To reduce
flow fluctuations within the gasification system compo-
nent 46, an annular damping plate 130 extends within
the outer chamber 60 between the walls of the vessel 50
and the dip tube 54. Similar to the damping plate 70
shown in FIG. 2, the damping plate 130 may be designed
to dissipate energy from flow fluctuations within the pool
of cooling liquid 52. The damping plate 130 may have an
inner diameter 126 that generally corresponds to the out-
er diameter of the dip tube 54. The damping plate 130
may have an outer diameter 74 that generally corre-
sponds to the inner diameter of the vessel 50. Accord-
ingly, the damping plate 70 may be contiguously dis-
posed with the walls of the vessel 50 and the dip tube 54
to restrict the flow of cooling liquid 52 through the outer
chamber 60. The damping plate 130 may be affixed to
the walls of the vessel 50 and/or the dip tube 54 by weld-
ing, bolting, or other suitable means.
[0035] Holes 75 within the damping plate 130 may al-
low the cooling fluid 52 to flow through the damping plate
130. However, the flow area provided by the holes 75
through the chamber 60 may be significantly less than
the flow area within sections of the chamber 60 unre-
stricted by the damping plate 130. According to certain
embodiments, the damping plate 130 may act as a flow
restriction mechanism that reduces the flow area through
the damping plate portion of the outer chamber 60 by at
least approximately 50-100 percent, and all subranges
therebetween. More specifically, the damping plate 130
may act as a flow restriction mechanism that reducing
the flow area through the damping plate portion of the
outer chamber by at least approximately 80-100 percent,
and all subranges therebetween.
[0036] The damping plate 130 may generally be dis-
posed within the outer chamber 60 such that the damping
plate 130 is submerged within the pool of cooling fluid
52. For example, the damping plate 130 may be disposed
below a level 76 of the cooling fluid pool 52 within the
outer chamber 60. In certain embodiments, the damping

plate 70 may be disposed above a level 78 of the cooling
fluid pool 52 within the dip tube 54. However, in other
embodiments, the damping plate 130 may be disposed
below the level 78 of the cooling fluid pool 52 within the
dip tube 54. Moreover, the damping plate 130 may gen-
erally be disposed at a sufficient height above the conical
section 59 of the vessel 50 to impede accumulation of
particulates within the holes of the damping plate.
[0037] FIG. 5 is a top view of the damping plate 130.
The damping plate includes a surface area 80 generally
defined by the difference between the outer diameter 74
and the inner diameter 126. The holes 75 may be spaced
circumferentially around the surface area 80. As noted
above, the surface area 80 and the area of the holes 75
may generally correspond to the total annular flow area
available for water to pass through the outer chamber 60
vertically within the vessel 50. As described above with
respect to FIG. 4, the damping plate 70 may be designed
to restrict the flow area to the area provided by the holes
75 that are disposed within the surface area 80. Accord-
ing to certain embodiments, the area of the holes 75 may
represent approximately 1-50 % of the total annular flow
area available, as defined by the surface area 80 and the
holes 75. Within the damping plate 130, the number,
spacing, sizes, and shapes of the holes 75 may vary. For
example, the holes 75 may have a circular, oblong, el-
liptical, rectangular, square, or hexagonal cross-section,
among others. Further, any number of holes of various
shapes and sizes may be included within the damping
plate. For example, the size and number of the holes 75
may be adjusted to provide a desired reduction in flow
area while providing holes large enough to resist plug-
ging.
[0038] The flow damping mechanisms depicted in
FIGS. 2-5 may be employed separately or in combination
with one another. Moreover, as may be appreciated, the
relative sizes, shapes, and geometries of the flow damp-
ing mechanisms may vary. Further, certain components,
such as the draft tube 56 and/or the quench ring 68 may
be omitted. The flow damping mechanisms may be em-
ployed in the gasification system component 46 during
the initial manufacturing, or the flow damping mecha-
nisms may be retrofit into existing gasification system
components 46. Further, the flow damping mechanisms
may be adjusted based on operational parameters, such
as the type of carbonaceous fuel, the system efficiency,
the system load, or environmental conditions, among oth-
ers to achieve the desired amount of flow damping.
[0039] Referring to FIG. 6, an exemplary gasifier 210
is disclosed. The gasifier 210 includes an outer shell 212
housing a combustion chamber 214 at an upper end and
a quench chamber 216 at a lower end. Combustion
chamber 214 is provided with a refractory wall 218 ca-
pable of withstanding the normal operating tempera-
tures. A burner 220 is coupled via a path 222 to a fuel
source 224. A fuel stream including pulverized carbona-
ceous fuel such as coal, coke or the like, is fed into the
combustion chamber 212 via the burner 220 removably
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disposed on an upper wall of the combustion chamber
214. The burner 220 is further coupled via a path 226 to
a combustion supporting gas source 228 configured to
supply gas such as oxygen or air.
[0040] The combustible fuel is burned in the combus-
tion chamber 214 to produce an effluent including syngas
and a particulated solid residue. Hot effluent is fed from
the combustion chamber 214 to the quench chamber 216
provided at the lower end of the shell 212. The quench
chamber 216 is coupled to a pressurized source 230 and
configured to supply a pool of liquid coolant 232, prefer-
ably water to the quench chamber 216. The level of the
liquid coolant in the quench chamber pool 216 is main-
tained at a desired height to assure an efficient operation
depending on the conditions of the effluent fed from the
combustion chamber 214 into the quench chamber 216.
The lower end of the gasifier shell 212 is provided with
a discharge port 234 through which water and fine par-
ticulates are removed from quench chamber 216 in the
form of a slurry.
[0041] In the illustrated embodiment, a constricted por-
tion 236 of the combustion chamber 214 is coupled to
the quench chamber 216 via a dip tube 238. The hot
effluent is fed from the combustion chamber 214 to the
liquid coolant 232 in the quench chamber 216 via a pas-
sageway 240 of the dip tube 238. A quench ring 242 is
disposed proximate to the dip tube 238 and coupled to
the pressurized source 230 so as to sustain a dip tube
inner wall in a wetted condition to best accommodate the
downward effluent flow. A lower end 244 of the dip tube
238 may be serrated, and positioned below the surface
of the liquid coolant 232 to efficiently achieve cooling of
the effluent.
[0042] The syngas is contacted with the liquid coolant
232 to produce a cooled syngas. As discussed above,
the gaseous component of the effluent is discharged for
further processing via the exit path 252 from the quench
chamber 216. It is known conventionally that the gaseous
component, however, in passing through a quench
chamber, will carry with it a substantial amount of the
liquid coolant. Excessive liquid carried from the quench
chamber and into downstream equipment, is found to
pose operational problems. In the illustrated exemplary
embodiment, an asymmetric or symmetric shaped baffle
254 is disposed proximate to the exit path 252 in the
quench chamber 216. The baffle 254 extends a distance
above the surface of liquid coolant 232. In the normal
course of quench cooling, the cooled gas stream would
convey with it a certain amount of liquid coolant. Howev-
er, as the cooled gas stream impinges against the inner
surface of baffle2 54, the entrained liquid content in the
gas stream will tend to coalesce on the inner surface of
the baffle 254. The gas stream after impacting the baffle
254 reverses direction and then moves along a path 256
into the exit path 252. It should be noted herein that the
illustrated gasifier is an exemplary embodiment and other
configurations of gasifiers are also envisaged. For exam-
ple, in some embodiments, the exemplary quench cham-

ber 216 may be disposed beneath a radiant syngas cool-
er configured to partially reduce the syngas temperature
before syngas enters the quench chamber. The details
of the quench chamber 216 are discussed in greater de-
tail below with reference to subsequent figures.
[0043] As discussed herein, the hot effluent is fed from
the combustion chamber 214 to the liquid coolant 232 in
the quench chamber 216 via the passageway 240 of the
dip tube 238. The lower end 244 of the dip tube 238 may
be serrated, and positioned below the surface of the liquid
coolant 232 to efficiently achieve cooling of the effluent.
It should be noted herein that in the illustrated embodi-
ment, there is no draft tube. The syngas is contacted with
the liquid coolant 232 to produce a cooled syngas. The
cooled syngas is impacted against an inner wall of the
baffle 254. As the cooled gas stream impinges against
the inner surface of baffle 254, the entrained liquid con-
tent in the gas stream will tend to coalesce on the inner
surface of the baffle 254. The cooled syngas is then
passed towards the exit path 252 of the quench chamber
216.
[0044] Referring to FIG. 7, a gasification quench cham-
ber and scrubber assembly, or gasification assembly
300, in accordance with aspects of the present invention
is depicted. The gasification assembly 300 comprises a
quench chamber 310 in fluid communication with a scrub-
ber (e.g., venturi scrubber) 400.
[0045] The quench chamber 310 may comprise an im-
proved quench chamber as discussed herein that com-
prises an upper portion 350 and a lower portion 340. The
lower portion 340 may include a stability baffle 330 con-
figured to dampen water level fluctuation and sloshing.
Within the lower portion is a reservoir of coolant 502. The
upper portion 350 may include a baffle 315 that provides
a means to remove excess moisture, or water, contained
in the existing syngas. In some embodiments, there is
no baffle.
[0046] The quench chamber 310 further comprises a
dip tube 320 that has a plurality of holes, or perforations
325 therethrough. The dip tube 320 extends from the
upper portion 350 to the lower portion 340. In embodi-
ments, a quench tube is not used. Accordingly, in those
embodiments, there is no annular space between the dip
tube and quench tube; instead the annular "space" in
these embodiments extends all the way from the exterior
of the dip tube 320 to the interior face of the upper portion
350 of the quench chamber 310.
[0047] The upper portion 350 further includes a cooling
device 360 configured to cool the exiting syngas 506 as
it travels towards an exit 370 in the upper portion 350 of
the quench chamber 310.
[0048] As shown, a mixture of syngas, slag, and fines
500 enters the dip tube 320 from the upstream gasifier
11 (FIG. 1). The mixture 500 contacts a coolant 502 that
is contained in the second portion 340 of the quench
chamber 310. The mixture 500 cools upon contact with
the coolant 502, wherein slag 504 settles at the bottom
of the quench chamber 310. A cooled syngas 506 rises
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off of the coolant 502 above the stability baffles 330. As
the cooled syngas 506 works towards the exit 370 it is
further cooled by the cooling device 360. The additional
cooling provided by the cooling device 360 aids in the
further removal of entrained moisture within the syngas
thereby providing a dry saturated syngas 508 that exits.
[0049] Once exiting the quench chamber 310, the dry
saturated syngas 508 heads downstream towards the
scrubber (e.g., venturi scrubber) 400. The dry saturated
syngas 508 passes through a transfer line 390 towards
a plurality of spray devices 395. The spray devices 395
further aid in removing fines and water from the syngas
510. As the syngas 510 travels to the venturi scrubber
400, additional fines and water 512 settle out, while cen-
trifugal separation is applied to the rising syngas 514. A
dry syngas 516 ultimately exits the venturi scrubber 400
to head towards, for example, the combustor 39 (FIG. 1).
[0050] Referring to FIG. 8A a close up sectional view
of an upper portion 350 of the quench chamber 310 is
depicted. The cooling device 360 in the embodiment
shown comprises a heat exchanger pipe located within
the upper portion 350, above the coolant 502. As shown,
an embodiment includes a cold water input line 362 lead-
ing to a helical heat exchanger line 364 which is sur-
rounding the dip tube 320. At the other end of the heat
exchanger line 364 is an exit line 366. As shown, cold
water may enter the cold water input line 362. Upon the
rising syngas 506 passing over the heat exchanger line
364, the cold water within the heat exchanger line 364 is
heated so as to become hot water and/or steam. Thus,
hot water and/or steam exits at the exit line 366 to return
to, for example, a heat recovery steam generator 26 (FIG.
1) or other suitable device for reuse. The dry saturated
syngas 508 exits the exit 370 of quench chamber 310.
[0051] The embodiment shown in FIG. 8A offers sev-
eral advantages. The omission of a draft tube increases
quench stability. The heat exchanger line 364, which is
located in the gas phase of the quench chamber 310,
increase the effective distance between the coolant 502
and the exit 370. The heat exchanger line 364 also pro-
vides a torturous or labyrinthine path for the syngas so
that the need for any entrainment baffle(s) is diminished
and/or altogether avoided. Further, the reuse of heat ob-
tained by the heat exchanger line 366 increases the over-
all efficiency of the system.
[0052] Referring to FIG. 8B a close up sectional view
of an upper portion 350 of the quench chamber 310 of
another embodiment is depicted. The cooling device 360
in the embodiment shown comprises a plurality of cold
water emitters (e.g., sprayers) 368 in the upper portion
350 of the quench chamber 310, above the coolant 502.
As shown in FIG. 8B and the plan view depicted in FIG.
9, an embodiment includes a plurality of cold water emit-
ters 368 located circumferentially around the periphery
of the upper portion 350 of the quench chamber 310. The
cold water emitters 368 may be distributed uniformly and
completely around the periphery with the exception of
none being located near the exit 370. In this manner, the

cold water emitters 368 are distributed in a perannular
pattern. In this embodiment, a baffle (not shown) may or
may not be employed. The dry saturated syngas 508
exits the exit 370 of quench chamber 310.
[0053] The embodiment shown in FIGS. 8B and 9 of-
fers several advantages. The omission of a draft tube
increases quench stability. The perforated dip tube (see
e.g., FIG. 7) increases stability and syngas aeration. Fur-
ther, additional syngas cooling is providing by the water
spray. Any plugging issues at the exit 370 are mitigated
by providing the cold water emitters 368 only in the clean
gas side of the upper portion 350 of the quench chamber
310.
[0054] Aspects of the present invention offer many ad-
vantages in the art of gasification quench chamber and
scrubber design. First, by removing any draft tube and
instead perforated the dip tube, the design avoids plug-
ging issues in the dip-draft tube annulus. Complex an-
nular flow regime and dynamics issues are also avoided.
There is less entrainment by avoiding any complex two-
phase regime. As a result, there is potential of reducing
quench chamber diameter, while still obtaining the same
syngas throughput.
[0055] In an embodiment, heat exchanger tubes to
cool the syngas in the quench chamber replace the need
for any entrainment baffle(s). Effective heat recovery is
offered by pre-heating the water for heat recovery steam
generator. Further, stability baffle(s) may be used to re-
duce quench dynamics and avoid sloshing.
[0056] In embodiments, a more effective venturi scrub-
ber is used in lieu of current standard scrubbers. Demister
assembly is not needed due to the centrifugal separation
which aids in the removal of fines in the venturi scrubber.
[0057] It should be noted that various configurations
of quench chamber, dip tube, and/or draft tube can be
employed without departing from aspects of the present
invention. For example, although certain figures herein
(e.g., FIGS. 4, 6, 7, 8A, and 8B) depict a quench chamber
having a dip tube-only configuration, the quench cham-
ber may alternatively have a dip and draft tube tube-only
configuration, a dip/draft with a quench ring configuration,
and the like.
[0058] The various entrainment mitigation and/or flow
damping mechanisms depicted in FIGS. 2-9 may be em-
ployed separately or in combination with one another.
Moreover, as may be appreciated, the relative sizes,
shapes, and geometries of the entrainment mitigation
mechanisms may vary. The entrainment mitigation
and/or flow damping mechanisms may be employed in
a quench chamber during the initial manufacturing, or
the entrainment mitigation and/or flow damping mecha-
nisms may be retrofit into existing quench units. Further,
the entrainment mitigation and/or flow damping mecha-
nisms may be adjusted based on operational parame-
ters, such as the type of carbonaceous fuel, the system
efficiency, the system load, or environmental conditions,
among others to achieve the desired amount of flow
damping.
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[0059] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.
[0060] While only certain features of the invention have
been illustrated and described herein, many modifica-
tions and changes will occur to those skilled in the art. It
is, therefore, to be understood that the appended claims
are intended to cover all such modifications and changes
as fall within the true spirit of the invention.
[0061] For completeness, various aspects of the in-
vention are now set out in the following numbered claus-
es:

1. A gasification quench chamber comprising:

a reservoir having a liquid coolant disposed in a
lower portion therein and an upper portion com-
prising an exit for exiting a cooled syngas there-
from;

a dip tube configured to introduce a syngas mix-
ture to contact the liquid coolant thereby produc-
ing the cooled syngas;

a cooling device configured to further cool the
cooled syngas in the upper portion; and

a stability device in the lower portion, configured
to mitigate coolant level fluctuation and sloshing.

2. The gasification quench chamber of clause 1, fur-
ther comprising a baffle in the upper portion config-
ured to remove entrained liquid content from the
cooled syngas.

3. The gasification quench chamber of clause 1,
wherein the syngas mixtures comprises a syngas,
slag, and fines.

4. The gasification quench chamber of clause 1,
wherein a proximate end of the dip tube comprises
a plurality of perforations, and the proximate end is
proximate the lower portion of the reservoir.

5. The gasification quench chamber of clause 1, the
cooling device comprising a coolant emitter config-
ured to emit a coolant into the upper portion.

6. The gasification quench chamber of clause 5, fur-
ther comprising a baffle in the upper portion config-
ured to remove entrained liquid content from the
cooled syngas.

7. The gasification quench chamber of clause 5,
wherein the coolant emitter comprises a plurality of
coolant emitters disposed circumferentially around
at least a portion of a periphery of the reservoir.

8. The gasification quench chamber of clause 7,
wherein the plurality of coolant emitters are disposed
in a perannular pattern such that no coolant emitter
is proximate to the exit.

9. The gasification quench chamber of clause 1,
wherein the cooling device comprises a heat ex-
changer pipe.

10. The gasification quench chamber of clause 9,
wherein the heat exchanger pipe is disposed in a
helical configuration in the upper portion.

11. The gasification quench chamber of clause 9,
wherein the heat exchanger pipe is configured to pro-
duce at least one of steam or hot water therein by
an interaction of the cooled syngas flowing over the
heat exchange pipe.

12. The gasification quench chamber of clause 1,
further comprising a draft tube surrounding the dip
tube thereby defining an annular space therebe-
tween.

13. The gasification quench chamber of clause 1,
wherein the stability device comprises a baffle.

14. The gasification quench chamber of clause 1,
wherein the baffle substantially fills an annular space
between an outer surface of the dip tube and an outer
periphery of the reservoir.

15. A gasification assembly comprising:

a quench chamber comprising:

a reservoir having a liquid coolant disposed
in a lower portion therein and an upper por-
tion comprising an exit for exiting a cooled
syngas therefrom;

a dip tube configured to introduce a syngas
mixture to contact the liquid coolant thereby
producing the cooled syngas; and

a cooling device configured to further cool
the cooled syngas in the upper portion; and
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a venturi scrubber, configured in downstream
fluid communication of the quench chamber.

16. The gasification assembly of clause 15, the
quench chamber further comprising a stability device
in the lower portion, configured to mitigate coolant
level fluctuation and sloshing.

17. A gasification quench chamber comprising:

a reservoir comprising:

a lower portion configured to contain a liquid
coolant therein; and

an upper portion configured to provide an
exit to a cooled syngas;

a dip tube configured to introduce a syngas mix-
ture to contact the liquid coolant thereby produc-
ing the cooled syngas; and

a heat exchange pipe in thermal communication
with the cooled syngas in the upper portion, con-
figured to produce at least one of steam or hot
water therein by an interaction of the cooled syn-
gas flowing over the heat exchange pipe.

Claims

1. A gasification quench chamber (310) comprising:

a reservoir having a liquid coolant (502) dis-
posed in a lower portion (340) therein and an
upper portion (350) comprising an exit (370) for
exiting a cooled syngas (506, 508) therefrom;
a dip tube (320) configured to introduce a syngas
mixture (500) to contact the liquid coolant (502)
thereby producing the cooled syngas (506);
a cooling device (360) configured to further cool
the cooled syngas (506) in the upper portion
(350); and
a stability device (330) in the lower portion (340),
configured to mitigate coolant level fluctuation
and sloshing.

2. The gasification quench chamber (310) of claim 1,
further comprising a baffle (315) in the upper portion
(350) configured to remove entrained liquid content
from the cooled syngas (506).

3. The gasification quench chamber (310) of claim 1 or
claim 2, wherein a proximate end of the dip tube (320)
comprises a plurality of perforations (325), and the
proximate end is proximate the lower portion (340)
of the reservoir.

4. The gasification quench chamber (310) of any pre-
ceding claim, the cooling device (360) comprising a
coolant emitter (395) configured to emit a coolant
into the upper portion (350).

5. The gasification quench chamber (310) of claim 4,
wherein the coolant emitter (395) comprises a plu-
rality of coolant emitters (395) disposed circumfer-
entially around at least a portion of a periphery of the
reservoir.

6. The gasification quench chamber (310) of any pre-
ceding claim, wherein the cooling device (360) com-
prises a heat exchanger pipe (364).

7. The gasification quench chamber (310) of claim 6,
wherein the heat exchanger pipe (364) is configured
to produce at least one of steam or hot water therein
by an interaction of the cooled syngas flowing over
the heat exchange pipe (364).

8. The gasification quench chamber (310) of any pre-
ceding claim, further comprising a draft tube sur-
rounding the dip tube (320) thereby defining an an-
nular space therebetween.

9. The gasification quench chamber (310) of claim 2,
wherein the baffle (330) substantially fills an annular
space between an outer surface of the dip tube (320)
and an outer periphery of the reservoir.

10. A gasification assembly comprising:

a quench chamber comprising:

a reservoir having a liquid coolant disposed
in a lower portion therein and an upper por-
tion comprising an exit for exiting a cooled
syngas therefrom;
a dip tube configured to introduce a syngas
mixture to contact the liquid coolant thereby
producing the cooled syngas; and
a cooling device configured to further cool
the cooled syngas in the upper portion; and

a venturi scrubber, configured in downstream
fluid communication of the quench chamber.

11. A gasification quench chamber comprising:

a reservoir comprising:

a lower portion configured to contain a liquid
coolant therein; and
an upper portion configured to provide an
exit to a cooled syngas;

a dip tube configured to introduce a syngas mix-
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ture to contact the liquid coolant thereby produc-
ing the cooled syngas; and
a heat exchange pipe in thermal communication
with the cooled syngas in the upper portion, con-
figured to produce at least one of steam or hot
water therein by an interaction of the cooled syn-
gas flowing over the heat exchange pipe.
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